Carpinus cordata, Tilia japonica, Magnolia obovata, and Acer mono. The shrub layer consists mainly of young plants of the tree layer species, in addition to Aralia elata and Rhus trichocarpa. Ground cover is very sparse.
In the Experiment Forest, natural broad-leaved forest is left intact as much as possible and damaged trees are removed only by necessity (e.g., when trees fell across forest road). Consequently an unusually large number of fallen and standing dead trees are found in the forest. This offers a very suitable habitat for woodpeckers and made their observation easy. I observed woodpeckers by walking randomly through the forest and recorded located nests, foraging sites and behavior, and kinds of food taken if identified.
Fecal droppings of insect larvae (mainly Lepidoptera) were collected with dropping traps that had been made of cloth hanging in a woodframe of 1*1 m (see TINBERGEN, 1960) . Each collection was made at three fixed points for 9 to 12 fine windless days. The fecal droppings collected were dried and weighed, and the length of each of about 50 droppings from each sample were measured using a profile projector. To estimate seasonal change of crown cover of the tree layer with the progress of foliation, I took picture of the crown with a camera with a wide-angle lens (f=28 mm, 74°). The camera was set upright on the ground at three fixed points. Later the ratio of leaves (including tree trunks and limbs) to open sky in a frame of the picture was measured by using a dot grid sheet.
RESULTS
Ecological distribution and status of White-backed Woodpeckers. Bird census work in the Experiment Forest showed that Dendrocopos woodpeckers were commonner in broad-leaved forest than in coniferous plantations (ISHIGAKI & MATSUOKA, 1972; ISHIGAKI et al., 1973) . Winter census work also indicated that the woodpeckers were conspicuously abundant in the broad-leaved forest (Appendix). GOOD-WIN .(1968) suggested that the "ladder-backed" pattern of woodpeckers evolved as an adaptation for relatively open habitat. The three Dendrocopos woodpeckers concerned have such a pattern and occur more in broad-leaved forests than in coniferous forests (VOOUS, 1960; KIYOSU, 1965) . White-backed Woodpeckers, especially, depend on broad-leaved trees and prefer forests where there are many fallen, dead, decaying, and rotten trees (DEMENT'EV et al., 1966; BRUUN, 1970; RUGE & WEBER, 1974) .
The three Dendrocopos species are residents in the study area. Although the population densities of Japanese Pygmy and Great Spotted woodpeckers were higher than that of White-backed Woodpeckers, the population density of the latter in the Experiment Forest would be higher than in any other Japanese forests because of the presence of many fallen logs and dead trees in the forest.
Grey-headed Green and Black woodpeckers are also residents and inhabit the broad-leaved forest. The characteristic habitat of Black Woodpeckers in Europe is mature coniferous forests but they are also found in mixed and deciduous forests (BEVEN, 1966) . In the Experiment Forest, Black Woodpeckers breed only in broad-leaved forest because the coniferous plantations are still young and suitable nest trees are not available.
Phenology of breeding. Breeding records of five species of woodpeckers are summarized in Fig. 1 . Incubation and nestling periods are reconstructed on the basis of breeding stages that I confirmed. Incubation periods are 12 days in Japanese Pygmy, Great Spotted, and White-backed, 17-18 days in Grey-headed Green, and 12-14 days in Black woodpeckers. Nestling periods are about 22, 22, 27-28, 24-28, and 24-28 days, respectively (present study; see also BLUME, 1962 see also BLUME, , 1968 DEMENT'ev et al., 1966; MAYER-GROSS, 1970 If the date is reckoned from 1st June=1, so, for instance 35=5th July, the mean dates of fledging of Japanese Pygmy, Great Spotted, and White-backed woodpeckers were 29.3±3.2 (mean * S.D.), 28.7±7.3, and 3.7±5.4, respectively. Those of Greyheaded Green and Black woodpeckers were 29.7±1.6 and 18.3±1.7, respectively. The mean date of fledging of White-backed Woodpeckers differs significantly from those of the other four woodpecker species (t-test, P=0.01) and is at least halfmonth early. The mean date of fledging of Black Woodpeckers also differs significantly from those of the other three species (P=0.05 for Great Spotted, and P=0.01 for Japanese Pygmy and Grey-headed Green woodpeckers). The mean date of fledging is, however, not significantly different among Japanese Pygmy, Great Spotted, and Grey-headed Green woodpeckers. There are certain reports of early breeding of White-backed Woodpeckers in literature. For example, in the Eurasian Continent Dendrocopos leucotos leucotos breed earlier than other sympatric woodpecker species (PYNNONEN, 1939; DEMENT'EV et al., 1966) . On Honshu White-backed Woodpeckers lay their eggs in late April and their breeding season begins earlier than those of Great Spotted and Japanese Pygmy woodpeckers (Kiyosu, 1965) .
Nest site selection. All nests that I examined were located in broad-leaved trees and in the broad-leaved and second-growth forests. Table 1 shows the measurements of nests and nesting trees. Japanese Pygmy and Great Spotted woodpeckers selected stubs for nesting to a greater degree (100 % and 80.8 %, respectively), whereas White-backed and Grey-headed Green woodpeckers prefered to nest in "normal trees" (72.7% and 100%, respectively). The relative nest heights show that Whitebacked Woodpeckers nested higher than the other four species, both for stubs and "normal trees" (Table 2 ) . About 64% of nests of White-backed Woodpeckers were excavated in trees emergent above the tree crown layer, but the other four species made most of their nests under the crown layer (Table 3 ). There was a tendency for the species with larger body sizes to select higher and thicker nest sites except for White-backed Woodpeckers, which nested at a slender parts due to higher location of the nest. Table 3 . Number of nests whose height were above or below the tree crown layer.
Figures in parentheses indicate proportion in per cent.
Method of feeding. LAWRENCE (1967) described two methods of feeding (direct and regurgitation) among the woodpeckers she studied. Two types of "regurgitation" are further distinguished by my observations. A "direct" method of feeding was used by the three Dendrocopos species in which parents feed food that they carried in their bill to their nestlings. Japanese Pygmy and Great Spotted woodpeckers usually carried several insects (larvae and/or adults) in their bill at one time, while Whitebacked Woodpeckers almost always fed only one insect larva to their nestlings at each feeding. When Grey-headed Green Woodpeckers fed their nestlings they Shigeru MASSUOKA [TORI 28 (2/3) regurgitated the food with the head streching half upward until they held the food in their bill (see also CONRADS & HERRMANN, 1963) . Then the parents put their bill in that of their nestlings. They regurgitated several times at each feeding. BLUME (1961) noted a similar type of feeding in Green Woodpeckers (Picus viridis). On the other hand Black Woodpeckers put their bill in the mouth of the nestlings and regurgitated food directly. The method of feeding in birds seem to be correlated with the quantity and quality of food that the parents feed their nestlings and fledglings. Foraging for feeding of the nestlings. For reasons mentioned above, I was unable to determine in the field whether birds were foraging for the nestlings or for self-maintenance, except for Dendrocopos woodpeckers. I estimated the food given to the nestlings of Grey-headed Green Woodpeckers qualitatively when the parents regurgitated food and held it in the bill. For Black Woodpeckers I analyzed fecal droppings of nestlings left in the nests in order to determine some features of the nestling diet.
The frequency distributions of foraging height and diameter of trees that the adult Dendrocopos woodpeckers used in foraging for their nestlings are summarized in Figs. 2 and 3. Whereas Japanese Pygmy and Great Spotted woodpeckers foraged mostly at a height of 5-15 m, especially at 5-10 m zone, White-backed Woodpeckers foraged most frequently at 0-2 m. White-backed Woodpeckers foraged on thicker parts of trees (Fig. 3) .
I divided the foraging behavior of the woodpeckers into seven categories (MATSU-OKA, 1977) and I will give the definition in a following paper. For Dendrocopos woodpeckers three major categories were recorded in the breeding season. Gleaning 1 (1975) in White-backed Woodpeckers are not also included.
insect larvae from leaves was the main foraging method in Japanese Pygmy and Great Spotted woodpeckers (94.4 % and 83.1 %, respectively). White-backed Woodpeckers foraged mostly by hammering (60.0%) and pecking (36.2%). BLUME (1961) also noted that Great Spotted Woodpeckers gleaned rather than pecked in breeding season. While White-backed Woodpeckers frequently foraged on fallen logs (72.7 %), Japanese Pygmy and Great Spotted woodpeckers were seldom seen on logs during the nestling period. Thus the latter two were very similar to each other in their foraging heights, diameters of trees used, and foraging methods, but were different in foraging behavior from White-backed Woodpeckers. The food that parents brought to their nestlings consisted mainly of larvae of lepidopterous insects in Japanese Pygmy and Great Spotted woodpeckers. In addition to these, Japanese Pygmy Woodpeckers fed adult coleopterous insects, spiders, and crane-flies (Diptera), and Great Spotted Woodpeckers fed snails, adult lepidopterous insects (moths), adults and larvae of coleopterous insects, crane-flies, etc.to their nestlings. On the other hand White-backed Woodpeckers mainly fed larvae of coleopterous insects (stag-beetles and woodborers).
I found larvae of lepidopterous insects and ants (Camponotus obscripes) in the diet of Grey-headed Green Woodpeckers. They probably foraged on the ground and the surface of tree trunks, branches and leaves by gleaning. Green Woodpeckers, Shigenu MATSUOYA [TORI 28 (2/3) which are thought to be more terrestrial than Grey-headed Green Woodpeckers (SHORT, 1971), fed mainly ants collected at ant mounds to their nestilings in Europe (BLUME, 1961) . Dropping analysis showed that Black Woodpeckers feed almost soley ants to their nestlings. ARISAWA (1974) described similar observations in central Hokkaido. PYNNONEN (1943) also showed, by the analyses of stomach contents, that Black Woodpeckers mostly fed ants to their nestlings in Finland. Seasonal changes of some environmental variables. In the Experiment Forest leaves of broad-leaved trees rapidly emerge from late May to early June, and leaves were almost all present by the middle of June (Fig. 4) . The amount of fecal droppings of insect larvae reached to a peak in early June in 1975 and in mid-June in 1976 (Fig. 4) . It decreased rapidly in late June and gradually decreased thereafter in both years. On the other hand, the mean length of the fecal droppings of insect larvae increased until the middle of June and no major changes were found thereafter. Since the length of the fecal droppings is strongly correlated with the length and the cubic roots of weight of caterpillers (MATSUOKA, 1977) , the biomass of caterpillers should be greatest in early to middle of June. The larval biomass, therefore, reached to a peak during the first half of nestling stages of Japanese Pygmy, Great Spotted, and Grey-headed Green woodpeckers. Therefore, the availability of food and the nestling periods largely coincide and these woodpeckers seem to exploit the available food (lepidopterous larvae) adequately.
DISCUSSION
Studies of various breeding patterns in different parts of the world indicate that "every species is apparently adjusted to breed at the time of the year at which it can raise its young most efficiently" and "each species has therefore evolved the timing of its breeding so that it coincides with a maximum availability of its species-specific food" (IMMELMANN, 1971) . Japanese Pygmy, Great Spotted, and Grey-headed Green woodpeckers apparently depend upon lepidopterous larvae and other insects to raise their nestlings as species-specific foods that can be easily collected from leaves, branches, or trunks of trees by gleaning. Then why is the breeding season of Whitebacked Woodpeckers different from those of the other Dendrocopos woodpeckers? Or why do not White-backed Woodpeckers feed lepidopterous larvae to their nestlings? The following observations may suggest some reasons.
Unusually late nesting of a pair of White-backed Woodpecker was observed in 1975 (Nest No. 1-'75, Fig. 1 ). The reason why the pair had their nest so late was unknown. By the middle of June the young of other White-backed Woodpeckers already fledged, the leaves of trees had largely emerged, and the feeding behavior of the parent birds was rather similar to that of Japanese Pygmy and Great Spotted woodpeckers. On 11 June, for example, the male bird alighted on the trunk of Quercus mongolica and was gleaning from the undersides of leaves close to the trunk. He then moved up to a horizontal branch and collected lepidopterous larvae from the leaves of upper branches in the same manner as Great Spotted Woodpeckers. He sometimes hung under twigs upside down and was gleaning food from the leaves, although his behavior seemed to be less agile, mobile, and effective than in Japanese Pygmy and Great Spotted woodpeckers. This pair foraged on twigs less frequently than on branches. The larger body size of White-backed Woodpeckers has probably resulted in their having difficulties if foraging on twigs or slender branches.
Delayed breeding might force the parents to forage at other places than on logs and stumps because of a decrease of insect food in the latter places. Some species of coleopterous beetles begin to emerge in June with the abundance peak in July. And, in some wood-borers the larvae move deeper into the wood before they pupate than where they overwintered (K. YOSHIDA, pers. com.). Such circumstances confront the other White-backed Woodpeckers that feed their fledged young. Those parents foraged on lepidopterous larvae on leaves, adults cicadas on the surface of tree trunks, etc. by means of gleaning. And in a few cases they foraged on logs and fed coleopterous larvae to their fledglings. But feeding of fledged young would require less energy consumption for the parents than the feeding of the nestlings. There are various reasons for this. First, although fledglings are larger than nestlings, the number of the fledglings often decline because of death by predation or unknown causes. The clutch size of White-backed Woodpeckers has been reported to be 3 to 6 (KIYOSU, 1965; DEMENT'EV et al., 1966) and a similar number of nestlings was counted at nest entrance at Tomakomai. The numbers of fledglings led by parents, however, was only 1 or 2 in many cases. Secondly, fledglings usually followed their parents closely and hence it was not necessary for the parents to take food to the nest. As mentioned above nests of White-backed Woodpeckers were usually in upper parts of trees (Table 1 and 2). Therefore, parents of Whitebacked Woodpeckers that frequently foraged near the ground during the nestling period would consume much energy in feeding nestlings. Lastly, fledged young may get a portion of their food by themselves. These accounts suggest that parents must forage more efficiently in the nestling period rather than after the young have fledged.
Because the larger body size of White-backed Woodpeckers prevents them from effective utilization of lepidopterous larvae during the nestling period, they must depend on other main food item that can be collected effectively, i.e., coleopterous larvae in wood. The utilization of coleopterous larvae by White-backed Woodpeckers would require them to start nesting earlier and to modify some of their behavior. First, it relates to nest site selection. For White-backed Woodpeckers that frequently forage on logs and stumps, lower nest sites would save energy and time lost for feeding of the nestlings, though in fact nests were high. During the brooding and nestling period the leaves of trees had not yet fully emerged (Fig. 4) , and, therefore, their nests could be easily found by both aerial and terrestrial predators. Within the range of White-backed Woodpeckers, some birds of prey are usually less abundant in early spring, because they are summer visitors (MOREAU, 1972; Check-list of ORNI-THOLOGICAL SOCIETY of JAPAN, 1974) . On the other hand all the terrestrial predators are active in the field except for snakes that are still less active in this season. If the nest sites of most birds are selected for protection or concealment from predators (LACK, 1968) , the nesting habit of White-backed Woodpeckers at higher sites would be affected by fewer aerial and more terrestrial predators. Nest sites of the other woodpeckers might also be selected for similar reasons. Woodpeckers whose nestling periods begin in early June would select their nest sites under the tree crown to decrease predation from resident and migrant aerial predators. Secondly, these woodpeckers, as compared with White-backed Woodpeckers, reacted differently toward terrestrial predators. White-backed Woodpeckers responded to predators (e.g., the observer), that had approached their nest trees, by calling weakly from the nest or an adjacent tree or by flying away quietly after feeding, while Great Spotted Woodpeckers usually flew to and fro around predators with screeching calls in such instances. They did not feed their nestlings but ate food themselves. Although nestlings of these two species frequently chatter with their heads outside the nest entrance, the behavior of parent Great Spotted Woodpeckers mentioned above would conceal the nest location from terrestrial predators; also, the nestlings stop chattering when the parents thus react. In Japanese Pygmy Woodpeckers, whose nest height is lower than in Great Spotted Woodpeckers (Table 1) , almost all parents and their nestlings were quiet when observers approached their nest.
The reason why the breeding season of Black Woodpeckers lies between Wheitbacked Woodpeckers and other is unknown. Since Black Woodpeckers feed mostly ants to their nestlings, they would have to forage on nests of ants to collect a large number of ants efficiently. Black Woodpeckers could get them more easily in the early season when the ants are relatively inactive.
The breeding seasons of woodpeckers, I think, coincide with the period when food for their nestlings is most plentiful, as in other birds (LACK, 1968) . Differences in the timing of breeding season among the species belonging to same genus would then be explained by differences in the availability of food for the different species.
SUMMARY
The breeding ecology of five sympatric species of woodpeckers (Dendrocopos kizuki, Dendrocopos major, Dendrocopos leucotos, Picus canes, and Dryocopus martius) was studied from 1974 to 1976 in the broad-leaved forest of the Tomakomai Experiment Forest of Hokkaido University.
(1) In the Experiment Forest all of the five species of woodpeckers showed preference for the broad-leaved forest than for the coniferous plantation.
All nest trees found were in broadleaved and second-growth forests. (3) All of the nests found were in broad-leaved trees. The nests of D. leucotos were relatively and absolutely higher than those of the other species. Seven out of 11 nests (63.6%) of D. leucotos were found above the tree crown layer, whereas the nests of the other species were normally below that layer.
(4) In D. kizuki and D. major the main food of nestlings was lepidopterous larvae taken from the surface of leaves by gleaning. The food of nestlings of D. leucotos consisted mainly of coleopterous larvae taken from fallen logs and stumps by hammering and pecking. P. canes fed the nestlings with lepidopterous larvae and ants, whereas D. martius raised the nestlings chiefly with ants.
(5) The biomass of lepidopterous larvae reached to a peak from early to mid June at Tomakomai. The nestling periods of D. kizuki, D. major, and P. canes, which mainly depend on lepidopterous larvae to raise their nestlings, coincided with the peak of the biomass.
(6) The early breeding of D. leucotos was discussed from the points of view that breeding seasons in birds are timed in relation to the availability of food for their nestlings. It is suggested that the larger body size of D. leucotos caused the early breeding which was related to the effective utilization of coleopterous larvae. Further, some behavioral modification of D. leucotos associated with their early breeding were noted.
